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(54) An AC-DC converter for low power electronic switching motors fed by a power grid 



(57) An AC-DC converter for low power electronic 
switching motors fed by a power grid comprises a first 
capacitor (CJ in series with a feeding line, with a resis- 
tor (R p ) in series as a protection means against current 
overloads due to the closing of a switch (I). A rectifier 
bridge feeds, through a second filter capacitor (C L ), 
both the control electronics (E c ) and the motor or load 
(MCE, C). A third capacitor (C AL ) is connected in paral- 
lel to the control electronics (E c ). One end of a first 



diode (D 2 ) is connected between one end of the filter 
capacitor (C L ) and one end of the third capacitor (C AL ). 
The other end of the first diode (D 2 ) is connected to one 
end of a second diode (D^; the other end of the second 
diode is placed between the second end of the third 
capacitor (C AL ) and one of the ends of the rectifier 
bridge. 
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Description 

The present invention relates to an AC-DC con- 
verter for high efficiency, self-protected, low power elec- 
tronic switching motors, fed by the power grid. 

A feeding structure such as that illustrated in Fig. 1 
is known for use in electronic switching electric motors, 
fed by a power grid (e.g., 220 V alternate current) and 
with a mechanic power yield of about 1 W or less, with a 
requested high efficiency (power grid absorption of 
about 2W or less). 

This solution is characterised in that it provides a 
capacitor C a in series with the feeding line, with a resis- 
tor R p in series as a protection means against the cur- 
rent overloads due to the closing of switch I. A rectifier 
bridge feeds, through filter capacitor C L , a low voltage 
current (e.g., 12-24V) both to the control electronics E c 
and to the motor MCE. However, such a circuit arrange- 
ment involves four problems: 

1) costs 

2) overall size 

3) the control electronics complexity and reliability; 
and 

4) the static torque as compared to the rated 
torque. 

Problems 1) and 2) depend on the electric sizing of 
the capacitor C a which is the converter most expensive 
component. 

In fact, in the circuit of Fig. 1 , being equal the level 
of performance and therefore of requested power, the 
motor is sized in order to operate at low voltage and 
therefore it will absorb a much higher current than a 
motor sized to operate at a higher voltage. For example, 
between a 10V feeding and a 100V feeding the ratio 
between requested currents is 10:1 . 

This involves, proportionally, much higher electric 
values and therefore much higher dimensional values 
and costs for the capacitor C a which has to provide said 
current. 

Problems 3) and 4) are originated by the fact that a 
limiting function of the maximum current absorbed by 
the motor at starting and with blocked rotor is required 
by the control electronics E c . In fact, in the above condi- 
tions the motor (sized for high efficiency) has an imped- 
ance (only the winding impedance since there is no 
electromotive force) more than four times lower than in 
working conditions. Then, since the system is practically 
fed by constant current through the capacitor C a , the 
voltage V ps would reach such a level that would jeop- 
ardise the proper operation of the control electronics Ec 
fed by the same voltage. This current limitation at start- 
ing causes problem 4), i.e.. static torque comparable 
-with-the nominal torque.- 

A typical use of the above mentioned device is in 
refrigerators in two applications as electric fan, known 
as NO-FROST for cooling of a condenser of the refrig- 



eration system. 

The object of the invention is to provide a circuit 
arrangement which solves the mentioned problems and 
adds, to the arrangement of Fig. 1, an additional circuit 

5 to attain multiple speeds for the motor, by using 
switches which can work directly with the high voltage 
feeding, and to ensure both high efficiency under all 
conditions and no need for additional speed control cir- 
cuits and expensive interfaces with the control electron- 

w \cs E c . 

In order to achieve these and further objects which 
will be better understood hereinafter, there is provided, 
in accordance with the present invention an AC-DC con- 
verter for low power electronic switching motors fed by a 

is power grid, of the type comprising a first capacitor in 
series with the feeding line, with a resistor in series as a 
protection means against current overloads due to the 
closing of a switch; a rectifier bridge feeding, through a 
second filter capacitor, both the control electronics and 

20 the motor or load; characterised in that a third capacitor 
is connected in parallel to said control electronics; one 
end of a first diode being connected between one end of 
the filter capacitor and one end of said third capacitor; 
the other end of the first diode being connected to one 

25 end of a second diode, the other end of said second 
diode being placed between the second end of the third 
capacitor and one of the ends of the rectifier bridge. 

The converter will now be described making refer- 
ence to the attached drawings, in which: 

30 

Fig. 1 is an electric diagram of a known 

feeding line; 

Fig. 2 is an electric diagram of a simpli- 

fied and partial embodiment of 
35 the feeding line according to the 

invention; 

Figs. 3, 4, 6 and 7 are diagrams of characteristics 
of the feeding circuit; 

Fig. 5 is an electric diagram of the gen- 

40 eral structure of the feeding line 

according to the invention; 

Figs. 9 and 10 show two alternative solutions to 

the one of Fig. 8. 

45 In order to solve the above mentioned problems 1) 
as to costs and 2) as to the overall size, first there has 
been studied the impedance match of a load C (the 
motor) whereby being equal the value C a , the load C 
provides the maximum active power obtainable from the 

so feeding line (Fig. 2). 

A non-limiting test has been carried out at an effec- 
tive feeding voltage from the power grid of 220 V, at 314 
V peak. 

Fig. 3 shows that the maximum power transfer will 
55 be reached with a load having such an impedance that 
at a given C a the voltage V c at the ends thereof is about 
haJf the value of the feeding voltage peak From FIG. 4 
there can be further noticed an improved level of con- 
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version efficiency for this converter when V c is at "high 
voltage" values rather than "low voltage" values (less 
then 30V) at which the conventional structure of Figure 
1 operates. 

At equal level of performance, the industrial cost of 
an electric motor grows proportionally to the feeding 
voltage increase for which the motor is dimensioned. In 
fact, this increase, as known, causes an increase in the 
number of coils and a reduction of the wire diameter. 
Both these two requirements will negatively affect costs, 
especially in the low voltage range of the present case. 

In view of the foregoing, the motor will be dimen- 
sioned in such manner that at the maximum required 
power it will work at about half the value of the feeding 
voltage peak and if the motor is required to work at mul- 
tiple speeds (as shown hereinafter) it will work at V c val- 
ues always lower than the above indicated value. 
Operating at 150V as working point, the motor will have 
the advantage, at the starting point, of having a doubled 
value of current and torque with respect to the working 
value. Consequently, problem 4) is overcome. 

In order to solve problem 3) concerning the control 
electronics feeding, the invention provides the circuit of 
Fig. 5, which represents an evolution of the one in Fig. 
2. It is easy to demonstrate that in the field of said pow- 
ers there is a "concurrence of favourable factors" for the 
proposed invention whereby the invention becomes 
extremely efficient in converting power and in providing, 
under all the required working conditions, the voltage 
and the power required by the control electronics circuit, 
without any kind of interference with the motor feeding 
(loadC). 

Operation is self-explaining with the alternative 
components of the current in C L (which is loaded by C a 
and downloads on load C). Such components are recti- 
fied into a half wave by D 2 . while D-j supplies the feeding 
to load C during the downloads of C2. 

To better explain the meaning of the expression 
"concurrence of favourable factors" it should be noted 
that for a typical 220V application and active power fed 
by the power grid slightly exceeding 2 W, the capacitor 
C a is 0,47 fiF and the motor works at V c of about 120V, 
supplying about 1 W to the shaft. At a value of C L equal 
to 10 jaF and C AL equal to 47 ^iF (non critical values but 
which effect only the ripple on the corresponding volt- 
ages at the ends thereof) about 8 mA are obtained at a 
value of V AL equal to about 8V. 

Taking also into account that the feeding voltage 
V AL must be present even at considerably reduced val- 
ues of the line voltage, but that the electronics control 
requires about 8V and only 4 mA, the meaning of "con- 
currence of favourable factors", is now clear since the 
sizing for the optimal use of the "power" circuit (feeding 
of load C) automatically yields, with the circuit of this 
invention, a very high efficiency feeding V AL at minimum 
costs and with a minimum number of components. This 
also provides for an increased reliability. 

To confirm the above mentioned features, Figures 6 



and 7 show typical data for the cited sizing, concerning 
either the available current for the signal circuit feeding 
when the required V AL changes, and the effect of this 
choice on the converter global efficiency, including in its 
5 losses the power dissipated through the signal feeding. 
It comes that it is convenient to work at the mini- 
mum values of V AL necessary to operate the control cir- 
cuit and control the power components (e.g., 
MOSFETs). A typical value can be of about 8V 
10 In the list of "favourable factors" associated with the 
proposed circuit and the specific sizing of its compo- 
nents (including the "impedance arrangement" whereby 
the motor is sized) it has to be mentioned that the V AL 
feeding is protected without additional circuits, even 
75 when the motor is at the starting point or in the locked 
rotor position. In fact, a motor sized according to the 
above criteria within the mentioned power range, will 
have a winding resistance exceeding 1 ,000 Ohm which 
assures, in the blocked rotor position, a voltage V c , at 
20 the respective ends of the motor, sufficiently higher than 
V AL . Therefore, it can be shown that even in these con- 
ditions V AL is adequate to operate the system. 

Diode D1 can preferably be a Zener diode whereby 
the maximum voltage for the electronics control (E c ) is 
25 automatically defined, with a voltage value equal to the 
value required by the electronics E c , for instance V. 

A further advantageous characteristic of the inven- 
tion is that it satisfies the requirement of having the pos- 
sibility to control the motor at multiple speeds without 
30 jeopardising its cost competitiveness objects and the 
high efficiency of the converter. Fig. 8, showing the 
invention in its entirety, points out that the object of the 
invention is achieved through a series of switches l 1f 
l 2 ,...l n , which, by adding other capacitors in parallel to 
35 C a , automatically increase the feeding current and 
therefore the power produced by the motor. 

In this case the sizing of said capacitors and of the 
motor has to be carried out in order that, with ail the 
capacitors in parallel, the motor operates at a (power) V 
40 equal to 150Vmax and that, with just one capacitor, 
operation of the signal feeding is not jeopardised. 

Typical applications show two switches involving 
two feeding systems for the engine, one at 100 V and 
the other at 150 V. In any case, the limiting resistance 
45 R p is in series to all the capacitors. 

Alternative solutions are possible to feed the signal 
electronics E c in order to separate partially or fully the 
signal electronics feeding from the power feeding. Fig. 9 
shows the partial separation case, while Fig 10 shows 
so the full separation case. As apparent, however, these 
two solutions need an additional diode D a and a high 
voltage capacitor C s which, compared to the arrange- 
ment of Fig. 8, adversely affect the costs and which 
should be utilised only outside the operational limits 
55 reported in the diagram of Fig. 8. 
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Claims 

1. An AC-DC converter for low power electronic 
switching motors fed by a power grid, of the type 
comprising a first capacitor (C a ) in series with the 5 
feeding line, with a resistor (R p ) in series as a pro- 
tection means against current overloads due to the 
closing of a switch (I); a rectifier bridge feeding, 
through a second filter capacitor (CJ, both the con- 
trol electronics (E c ) and the motor or load (MCE, C); 10 
characterised in that a third capacitor (C AL ) is con- 
nected in parallel to said control electronics (E c ); 
one end of a first diode (D 2 ) being connected 
between one end of the filter capacitor (C L ) and one 
end of said third capacitor (C AL ); the other end of is 
the first diode (D 2 ) being connected to one end of a 
second diode (D^, the other end of said second 
diode being placed between the second end of the 
third capacitor (C AL ) and one of the ends of the rec- 
tifier bridge. 20 

2. A converter according to claim 1 , characterised in 
that the second diode (D1) is a Zener diode. 

3. A converter according to claim 1 , characterised in 25 
that one of the ends of the switch (I) is connected 
through a capacitor (C 6 ) to one of the ends of the 
first diode (D 2 ); a third diode (D a ) being placed 
between one of the ends of the rectifier bridge and 
the other end of said first diode (D 2 ). 30 

4. A converter according to claim 3, characterised in 
that said filter capacitor (CJ is connected in parallel 
to said load (MCE, C). 

35 

5. A converter according to any of the preceding 
claims, characterised in that there is provided a plu- 
rality of switches l 2 ,..l n ) connected through a 
plurality of said first capacitors (C a , C b ,...C n ) to said 
resistance (R p ). *o 
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(54) An AC-DC converter for low power electronic switching motors fed by a power grid 



(57) An AC-DC converter for low power electronic 
switching motors fed by a power grid comprises a first 
capacitor (CJ in series with a feeding line, with a resis- 
tor (R p ) in series as a protection means against current 
overloads due to the closing of a switch (I). A rectifier 
bridge feeds, through a second filter capacitor (C L ), 
both the control electronics (E c ) and the motor or load 
(MCE, C). A third capacitor (C AL ) is connected in paral- 
lel to the control electronics (E c ). One end of a first 



diode (D 2 ) is connected between one end of the filter 
capacitor (C L ) and one end of the third capacitor (C AL ). 
The other end of the first diode (D 2 ) is connected to one 
end of a second diode (D-,); the other end of the second 
diode is placed between the second end of the third 
capacitor (C AL ) and one of the ends of the rectifier 
bridge. 



Fig.5 




Q_ 

LU 



Primed ty Xerox (UK) Business Services 
2.16 7/3 6 



BNSOOCID: <EP 085579GA3_I_> 




EP 0 855 790 A3 



• 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 10 0804 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate. 
of relevant passages 



Category 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



US 4 801 887 A (WEGENER ARMIN F) 
31 January 1989 (1989-01-31) 

* abstract; figure 1 * 

* column 1, line 39 - line 52 * 

* column 2, line 58 - line 60 * 

US 3 001 120 A (A:B: BERESKIN) 
19 September 1961 (1961-09-19) 

* column 1, line 18 - line 30; figure 1 * 

* column 3, 1 ine 38 - 1 i ne 41 * 

US 5 184 026 A (0 BREARTUIN CIARAN S) 
2 February 1993 (1993-02-02) 

GB 2 121 248 A (GEN ELECTRIC) 
14 December 1983 (1983-12-14) 

* page 1, line 19 - line 31; figure 1 * 

* page 1, 1 i ne 74 - 1 ine 95 * 



H02M7/06 
H02P7/01 



3,4 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



H02M 

H02P 



The present search report has been drawn up for all claims 



Place of search 



THE HAGUE 



Dale of completion of the search 

10 September 1999 



Examiner 

Thisse, S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document ot the same category 
A : technological background 
O : no n -written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the Ming date 
D : document cited in the application 
L : document cited lor other reasons 



& : member ol the same patent lam by, corresponding 
document 



2 



BNSOOCID: ^EP 0855790A3_I_> 



OA 

EP 0 855 790 A3 




ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 10 0804 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members ate as contained in the European Patent Office EDP tile on 

The European Patent Office is in no way liable for these particulars which are merely given lor the purpose of information. 

10-09-1999 



Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 


US 4801887 A 


31-01-1989 


DE 


3612147 


A 


15-10-1987 






DE 


3780681 


A 


03-09-1992 






EP 


0241976 


A 


21-10-1987 






JP 


2053500 


C 


10-05-1996 






JP 


7093820 


B 


09-10-1995 






JP 


62290352 


A 


17-12-1987 



US 3001120 A 19-09-1961 NONE 



US 5184026 A 02-02-1993 NONE 



GB 2121248 A 


14-12-1983 


BE 


896760 


A 


17-11-1983 






BR 


8302636 


A 


17-01-1984 






CA 


1205851 


A 


10-06-1986 






DO 


209939 


A 


23-05-1984 






DE 


3317617 


A 


24-11-1983 






FR 


2527411 


A 


25-11-1983 






JP 


59000897 


A 


06-01-1984 






NL 


8301767 


A 


16-12-1983 






US 


4516056 


A 


07-05-1985 



er 

s 

o 

in For more details about this annex :see Official Journal of the European Patent Office. No. 12/82 



3 



BNSOOCID: <EP 0855790A3_L> 



• 



R 



WE 

APR 2 7 2004 

PMS &S 



D 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

81 BLACK BORDERS 

^ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
^3 GRAY SCALE DOCUMENTS 

]2) LINES OR MARKS ON ORIGINAL DOCUMENT 

$1 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: \ ; 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image s . 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



